Determination of external loop topology in the serotonin transporter by site-directed chemical labeling.
The transmembrane topology of the serotonin transporter (SERT) has been examined by measuring the reactivity of selected lysine and cysteine residues with extracellular reagents. An impermeant biotinylating reagent, sulfosuccinimidyl 2-(biotinamido)ethyl-1, 3-dithiopropionate (NHS-SS-biotin), was shown to label SERT transiently expressed in cultured cells. Replacement of four lysine residues that were predicted to lie in external hydrophilic loops (eK-less) largely prevented the biotinylation reaction. Likewise, the cysteine-specific biotinylation reagent N-biotinylaminoethylmethanethiosulfonate (MTSEA-biotin) labeled wild type SERT but not a mutant in which Cys-109, predicted to lie in the first external loop, was replaced with alanine. These two mutant transporters reacted with the biotinylating reagents in digitonin-permeabilized cells, demonstrating that the abundant lysine and cysteine residues predicted to lie in intracellular hydrophilic domains were reactive but not accessible in intact cells. Mutants containing a single external lysine at positions 111, 194, 243, 319, 399, 490, and 571 reacted more readily with NHS-SS-biotin than did the eK-less mutant. Similarly, mutants with a single cysteine at positions 109, 310, 406, 489, and 564 reacted more readily with MTSEA-biotin than did the C109A mutant. All of these mutants were active and therefore likely to be folded correctly. These results support the original transmembrane topology and argue against an alternative topology proposed recently for the related glycine and gamma-aminobutyric acid transporters.